OBJECTIVE: The present study was undertaken to assess in pre-and postmenopausal women whether obesity influences cutaneous reactive hyperemia in the forearm. DESIGN: Cross-sectional study. 2 ) and eight obese postmenopausal women (age 57.476.1 y, BMI ¼ 32.873 kg/m 2 ) were included. Plasma glucose, insulin and lipid profile were determined in fasting state, and a glucose tolerance test was performed. The skin blood flow response to transient occlusion of the forearm circulation (reactive hyperemia, RH) was measured using a laser-Doppler imaging system. RESULTS: Obese women had hyperinsulinemia, suggesting that they were insulin-resistant. The magnitude of the RH was similar in postmenopausal compared to premenopausal women. Obesity did not influence this microvascular response. CONCLUSION: Obesity, which is known to be associated with impaired endothelial-dependent vasodilation in the skeletal musculature, has no effect on the RH of the forearm skin microcirculation.
Introduction
Obese nondiabetic individuals are at increased cardiovascular risk. 1 Several factors, separately or together, are thought to contribute to the accelerated development of atherosclerotic lesions in these subjects, including hyperinsulinemia and insulin resistance, dyslipidemia and hypertension. 2 In addition, several observations indicate that some obese patients have an impaired endothelial function, [3] [4] [5] [6] which may contribute to cardiovascular morbidity. Insulin is known to induce a vasodilation in skeletal muscle in humans, an effect that may enhance insulin's actions. 7 This vasodilating effect of insulin seems to be mediated by endothelium-derived nitric oxide (NO). 8, 9 Moreover, obese subjects appear to have an impaired vasodilatory response to insulin, which may contribute to the development of insulin resistance. 10 Whether endothelial alterations are present in all or only in subgroups of obese patients, and whether it affects the skin microcirculation remain largely unexplored. Such endothelial alterations may be highly relevant since they may contribute to both metabolic and cardiovascular complications of obesity.
It is now possible to explore noninvasively the skin microcirculation using laser-Doppler flowmetry. 11, 12 The present investigation was undertaken to assess whether the forearm postischemic skin blood flow response (reactive hyperemia, RH) is altered in insulin-resistant women. The vasodilation occurring after transient occlusion of the circulation is known to be complex and involves, among other factors, a release of NO from endothelial cells. 13 The studies were performed in obese and lean women. Since it has been reported that menopause impairs endothelial function, an effect that might be related to estrogen deficiency, 14 two subgroups of pre-and postmenopausal women were constituted for both lean and obese women. This allowed to assess whether obesity differentially affects skin vascular reactivity in postmenopausal vs premenopausal women. ) postmenopausal women (Group OPost). Lean participants were recruited by local advertisement and obese subjects from the obesity outpatient clinic. At inclusion, all subjects were weighed and measured, and their fat mass (% body weight) was evaluated from skinfold thickness measurements. 15 All women were considered healthy based on past history and physical examination. Exclusion criteria included: the regular taking of any medication; a diastolic blood pressure 4100 mmHg; a known diabetes; the use of sex hormones for birth control or hormone replacement; current tobacco use; and alcohol consumption in excess of 20 g/day. The volunteers were fully informed about the protocol of the study and gave their written consent. The study conformed to the principles outlined in the Declaration of Helsinki and was approved by the Ethical Committee of the Faculty of Medicine of Lausanne (Switzerland).
Subjects and methods

Subjects
Laser-doppler imaging. We used a laser-Doppler scanning system (Moor Instruments, Axminster, UK), as described previously. Reactive hyperemia (RH) RH was assessed with the laser-Doppler imager in the forearm skin. The arterial occlusion was achieved by a pressure cuff placed on the arm and inflated at a suprasystolic pressure (220 mmHg) for 3 min. This method, in our hands, showed an intraindividual variability of less than 10% and an interindividual variability of about 30%.
11
Blood pressure measurements Blood pressure was measured using an oscillometric method (Accutore 1A, Datascope Corp., Paramus, NJ 07652, USA). The measurements were obtained after 30 min rest in the supine position.
Plasma lipid measurements
Plasma cholesterol, HDL cholesterol and triglyceride concentrations were measured enzymatically, using kits from Biomérieux, Lyon, France.
Oral glucose tolerance tests
Each subject underwent a 2-h oral glucose tolerance test before laser-Doppler imaging. A venous cannula was inserted into an antecubital vein for blood sampling. After a 30-min resting period, a basal blood sample was obtained. Thereafter, each participant ingested 1.5 g glucose/kg fat free mass as a 30% (weight/volume) glucose sirup over a 5-min period. This dose was used rather than the standard 75 g glucose load to adjust the quantity of glucose to the metabolic size of the study participants. A second blood sample was obtained 120 min after glucose ingestion. The subjects remained lying quietly in a bed throughout the procedure. Plasma glucose concentration was analyzed using a Beckman glucose analyzer II (Beckman Instrument, Brea, CA, USA). Plasma insulin concentrations were measured by radioimmunoassay, using a kit from Linco (St Charles, MO, USA).
Study protocol. Each participant was studied on one morning, between 0080 and 1100 h, after an overnight fast. Subjects had been asked to abstain from alcohol drinking and to avoid strenuous physical exercise during the 3 days preceding the study. During the study, they rested on a bed in a room with a constant temperature. At their arrival (time -30 min), a venous cannula was inserted into an antecubital vein for withdrawal of blood samples. At time 0, a blood sample was obtained and an oral glucose load was administered. A second blood sample was collected 2 h after glucose ingestion. Plasma glucose and insulin concentrations were determined in both blood samples. Plasma levels of total cholesterol, HDL-cholesterol, triglyceride and free fatty acids were measured only in the first blood sample. The RH was performed at time 120 min.
Statistical analysis
All the results are expressed as mean71 s.d. The comparison of means between the four groups of subjects was performed by ANOVA. When the F value was significant, pairwise comparisons were carried out using modified t-tests (Fisher's protected least significant difference). Whenever required to reduce heterogeneity of variance, analyses were carried out on log-transformed data. The alpha level of all tests was set at 0.05. All computations were performed with JMP software, version 3.2.2 (SAS Institute, Cary, NJ, USA).
Results
The characteristics of the participants are given in Table 1 . Compared to their lean counterparts, obese premenopausal women exhibited significantly increased body weight, body mass index and waist-hip ratio. The same parameters were also significantly increased in obese postmenopausal women vs lean premenopausal women. Systolic and diastolic blood pressures were higher in post-than in premenopausal women (Po0.01 in both lean and obese women).
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Obese pre-and postmenopausal women had significantly higher plasma insulin concentrations (both in fasting conditions and after the glucose tolerance test) and significantly lower plasma HDL-cholesterol levels than corresponding lean women (Table 2) . Fasting concentrations of triglyceride were significantly increased in obese compared to lean women. Lean postmenopausal women differed from lean premenopausal women by significantly higher plasma levels of total cholesterol. The concentration of total cholesterol was also significantly higher in obese postmenopausal women than in obese premenopausal women. Table 3 depicts the skin blood flow changes observed during RH. There was no significant difference in baseline values between the four groups of subjects. The maximal postischemic vasodilatory responses as well as the calculated area under the curve corresponding to these responses also did not differ.
Discussion
Insulin has been shown to vasodilate skeletal muscle vasculature in humans 16 and this effect is thought to be mediated by the release of NO from the endothelium. 17, 9 This vasodilatory action of insulin most likely helps to couple the regulation of glucose metabolism with the regulation of blood flow so that a defective endothelial function might play a pivotal role in the decreased insulinstimulated glucose uptake encountered in the insulinresistant state. 18 Keeping this in mind, it is interesting that a number of studies have pointed to the existence of Endothelial function and hyperinsulinemia A-J Seywert et al endothelial dysfunction in obese subjects. [3] [4] [5] [6] In one study, obese insulin-resistant subjects of both sexes were compared with lean insulin-sensitive controls as well as with type II diabetic patients. 6 Femoral blood flow was measured during graded intra-arterial infusion of metacholine, an endothelium-dependent vasodilator acting like acetylcholine (Ach), or NO-donor sodium nitroprusside (SNP). The vasodilatory response to metacholine was equally attenuated in obese insulin-resistant subjects and in patients with type II diabetes as compared with controls, whereas that to SNP was not impaired. Another study involved obese and lean men in whom the diameter of the brachial artery was measured by the ultrasound technique at rest and during RH. 4 The flow-mediated increase in arterial diameter in subjects with visceral type obesity was significantly lower than that of the subjects with subcutaneous type obesity and nonobese controls. Other investigators also reported a strong relationship between endothelial function, assessed in male and female overweight adults by the flow-mediated dilation of the brachial artery, and the abdominal fat pattern, as determined by an increased waist/hip ratio. 3 Finally, the forearm blood flow response to intra-arterially infused Ach was measured by strain-gauge plethysmography in lean and obese normotensive subjects as well as lean and obese hypertensive patients of both sexes. 5 The vasodilatory response to Ach was significantly greater in the lean normotensive individuals than in the other three groups and was the least in obese hypertensive patients. No difference was seen between the four groups during infusion of a NO donor (isosorbide dinitrate). In sharp contrast, however, other investigators found no evidence for endothelial dysfunction in a sample of male and female obese subjects, as the forearm vascular response to intra-arterial administration of Ach and SNP, measured by strain-gauge plethysmography, was similar in insulin-resistant obese subjects and lean controls. 19 All studies quoted above have assessed endothelial function in the vascular bed supplying the skeletal musculature, [3] [4] [5] [6] 19 but very little is known so far about the skin microcirculatory function in human obesity. Recently, a blunted skin blood flow vasodilatory response to mental stress was observed in obese individuals compared with ageand sex-matched lean controls. 20 It is, however, still unclear whether the skin endothelial function is altered in obese patients. The present study was undertaken to answer this question. To this end, we measured the postischemic RH.
11,12
The device used in the present study to record blood flow changes is a laser-Doppler imager allowing to scan the skin surface of interest and providing, because of the multiplicity of measurements, highly reproducible readings. 11 We performed our studies in pre-and postmenopausal women to investigate a possible role of estrogens in the reactivity of the cutaneous microcirculation, as suggested by the recent report that estrogen replacement therapy in postmenopausal women enhances the skin vasodilation induced by the iontophoresis of Ach.
14 Our subjects were studied after an oral glucose load. We took this option as previous investigators reported an acute impairment of the flow-mediated dilation of the brachial artery after carbohydrate feeding, 21 possibly in relation with carbohydrate-induced generation of reactive oxygen species. In spite of this potentially harmful effect of glucose feeding, we failed to observe any alteration of forearm cutaneous circulation. This strongly suggests that obesity in women has no major influence on the reactive hyperemia determined in the forearm cutaneous microcirculation. Our obese subjects exhibited a markedly increased body fat mass and waist circumferences. As anticipated, they were insulin resistant, as indicated by fasting and postprandial hyperinsulinemia. They also had low plasma HDL cholesterol and moderately increased plasma triglyceride concentrations, consistent with insulin resistance. This was the case both in pre-and postmenopausal women. 22 Several hypotheses may be proposed for this observation. First, the endothelial dysfunction reported by other investigators may be exclusively present in skeletal muscle vessels, but leave skin vessels unaffected. Second, obesity per se, or uncomplicated insulin resistance, may not be sufficient to produce endothelial dysfunction per se, but may require additional factors. In support of this hypothesis, it has been suggested that visceral fat was more closely associated with endothelial dysfunction than subcutaneous fat. 3, 4 Third, additional factors, such as predisposing genes or dietary factors, may be required for obesity to cause endothelial dysfunction.
There are several weaknesses in this study that need to be taken into consideration. First, the number of subjects included in each group is small, and we cannot rule out the possibility that subtle differences in skin vascular reactivity induced by obesity were missed. Another weakness of this study is that insulin sensitivity was not directly measured in the study's participants. Instead, we assumed that hyperinsulinemia was indicative of insulin resistance. A large population study, however, shows that hyperinsulinemia can be observed in a subset of individuals who do not show insulin resistance when assessed during clamp studies. 23 In this subset, notably, other abnormalities associated with the metabolic syndrome were present, including increased systolic blood pressure, decreased HDL-cholesterol and hypertriglyceridemia. As another weakness, we did not precisely measure visceral fat. It is known that insulin resistance is more closely related to visceral than total fat, 24 and hence we cannot exclude that vascular reactivity may be different in insulin-resistant patients with abdominal obesity. Altogether, these results obtained in pre-and postmenopausal women fail to demonstrate any direct effect of obesity-associated insulin resistance on RH in the skin microcirculation. Further studies will be required to evaluate the interaction between obesity and other predisposing factors in the development of microvascular dysfunction.
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